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Abstract Treating children with idiopathic scoliosis
can amaze someone at the many different ways in which
the deformity can present. Most authors state that
genetics stipulates the course of adolescent idiopathic
scoliosis.Thisismainlybasedonthehighconcordancein
monozygotic twins. However, there is indication that
environmental factors have inﬂuences on adolescent
idiopathic scoliosis. This is the ﬁrst report in which a
monozygotic twin pair is described concordant for idi-
opathic scoliosis but with different apical levels, mag-
nitudes and age at detection of scoliosis which stresses
the importance of environmental factors.
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Introduction
The etiology of adolescent idiopathic scoliosis remains
uncertain. Several studies suggest that idiopathic scoli-
osis is a familial condition that has a multifactorial
etiology [13,25].This means thatidiopathicscoliosisisa
genetic trait modiﬁed by environmental factors. Twin
studies will diminish the effects of environment and
allow an understanding of genetics of adolescent
idiopathic scoliosis. The fact that monozygotic twins
have a signiﬁcantly higher concordance does indicate
that genetic factors are of importance in the etiology of
adolescentidiopathicscoliosis[11,13,26].Twinpairsare
classiﬁed as concordant, when both of the twins have
scoliosis, or discordant when only one has a scoliotic
curve [4, 13]. Concordance does not mean that the
severity or pattern of the curves is similar in these twins.
Despite the genetic aspects in idiopathic scoliosis, we
assume that the development of idiopathic scoliosis is
inﬂuenced multifactorially, for example, progression of
the scoliotic curve can be inﬂuenced by conservative
treatment.
We describe a monozygotic twin pair with different
apical levels, magnitude and age at detection of scoli-
osis, which stresses the importance of environmental
inﬂuence [20, 28].
Patients and methods
Monozygosity is deﬁned as twins having identical DNA
ﬁngerprinting and completely similar physical charac-
teristics i.e., color of eyes, hair and skin. Our twin-pair
had no other abnormalities of the spine on clinical and
radiographic examinations and had the similar physical
characteristics.
Monozygosity of our twins was conﬁrmed by DNA
ﬁngerprinting in the university hospital of Amsterdam.
Case reports
Child 1
The school doctor detected scoliosis in a 9-year-old and
referred him to our outpatient clinic. There were no
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DOI 10.1007/s00586-007-0335-9reports of pain. During physical examination we saw a
right-sided thoracic lateral spine deformity. The
Adams forward bend test was positive on the right side.
Trunk rotation was 4 using a scoliometer. Neurologi-
cal examination showed no abnormalities.
The antero-posterior spine radiograph showed a
thoracic scoliosis (Th6–L2) with a Cobb angle of 33
and the curve apex is Th10. In the sagittal view, a
hypokyphosis of 22 is shown (Fig. 1).
Since then Boston brace treatment was started. In
June 2005, the curves were improved to a Cobb angle
of 18 without the brace. Trunk rotation was 7 using a
scoliometer. Until now brace treatment is continued.
Child 2
Patient 2 is the monozygotic twin brother of patient 1.
He was carefully screened on our outpatient clinic.
There were no clinical signs of scoliosis during our
observation at our outpatient clinic. Examination at
the age of 14 years showed a mild right-sided thoracic
curve of the spine with no neurological abnormalities.
Trunk rotation was seven degrees using a scoliometer.
The antero-posterior radiograph showed a thoracic
scoliosis (Th5–Th10) with a Cobb angle of 12 and the
curve apex is Th7–8. The sagittal view showed a
hypokyphosis of 21 (Fig. 2). In June 2005, the curve
progressed to a Cobb angle of 18. Trunk rotation was
9 using a scoliometer. He is under observation at our
outpatient clinic.
Discussion
In 1875, Galton stated that monozygotic twins were
isogenic, so that any differences in the twins would be
related to environmental inﬂuences [9]. Monozygosity
was deﬁned as twins having completely similar physical
characteristics or identical DNA ﬁngerprinting.
Monozygotic twins are more often concordant with
adolescent idiopathic scoliosis than dizygotic twins [7,
11, 13, 34]. Kesling and Reinker reported a 73 percent
concordance in 37 pairs of monozygotic twins. Most
authors regard discordance between monozygotic
twins as evidence of an environmental origin [7, 9] al-
though, monozygotic twins have been used to demon-
strate the inﬂuence of environmental factors
determining diseases and phenotypes. Phenotypic dif-
ferences in monozygotic twins could be the result of
their epigenetic differences. Epigenetics refers to DNA
and chromatin modiﬁcations that play a critical role in
regulation of various genomic functions. Wong et al.
[32] suggest that stochastic events may be a more
important cause of phenotypic differences than speciﬁc
environmental effects. Fraga et al. [8] revealed that the
Fig. 1 Child 1 was ﬁrst seen at the age of 9 years and had a right
thoracic scoliosis with a Cobb angle of 33 (a). On the sagittal
plane he had a kyphosis of 22 (b)
Fig. 2 Child 2 was ﬁrst seen at the age of 14 years and had a
right thoracic scoliosis with a Cobb angle of 12 (a). On the
sagittal plane he had a kyphosis of 21 (b)
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twin pairs diverge as they become older. The defects in
transmitting epigenetic information could accumulate
by successive cell divisions in an ‘epigenetic drift’
process associated with aging. And so epigenetic fac-
tors may play an important role in patterning the body
plan during normal development especially when they
become older. Therefore the real causes for monozy-
gotic twin discordance for common diseases are yet to
established [3]. Petronis propose a modiﬁcation of a
paragigmatic equation: P (phenotype) = G (gen-
es) + E (environment) to P = G + E + EpiG (epige-
netics) [22].
van Rhijn et al. [25] described that differences in
scoliosis in the development, progression of the scoli-
osis and age at detection (juvenile vs. adolescent) may
have been caused by environmental inﬂuences. Other
non-genetic evidence that environmental factors play a
role in the expression of idiopathic scoliosis was raised
by Nachemson and Mc Master [17–19].
Ponseti and Friedman [23] suggest that curve type is
genetically determined and that curve types are well
established shortly after the detection of the scoliosis
and do not change throughout its course. van Rhijn
et al. [26] noted that only half of the twin pairs showed
a difference in lateral Cobb angles of less then 10.
These ﬁndings suggest that curve severity may be
affected by environment. Whereas Kesling and Rein-
ker [13] compared 20 sets of monozygotic twins to 16
sets of dizygotic twins, the correlation coefﬁcient for
the lateral Cobb angle in monozygotic twins was 0.74;
in dizygotic twins it was 0.4. Inoue et al. [11] concluded
that there was a genetic factor in curve severity
because in 8 of 12 monozygotic twin pairs the differ-
ence between lateral Cobb angles was less than 10.
Although 6 of 12 pairs showed discordant curve
patterns. One can wonder that curve type is not mainly
inﬂuenced by genetic factors.
Riseborough and Wynne-Davies[27] considered that
curve severity depends on a number of factors, such as
the age of development, the speed of progression and
the efﬁcacy of treatment. If a strong genetic fac-
tor exists for curve severity, scoliosis may be less
inﬂuenced by conservative treatment. While several
authors conclude that brace therapy can stop the
progression of the scoliosis and alter the natural history
of idiopathic scoliosis, so it can suggest that environ-
mental factors can inﬂuence curve severity [2, 5, 16, 20,
25, 28].
Nowadays there is a controversy over brace
treatment. Several studies have questioned the
effectiveness of bracing. Goldberg et al. [10] reported
an untreated series of 153 patients of which 28% had
undergone surgery. Karol [12] concluded that
because of the assumed stiffness and more lack of
compliance among boys, bracing of boys with ado-
lescent idiopathic scoliosis is questionable. Nonethe-
less, Yrjo ¨nen et al. [35] suggested that brace
treatment in adolescent idiopathic scoliosis might be
recommended in both genders. Also Ugwonali et al.
[30] reported that brace wearing did not decrease the
quality of life of adolescents. Despite the controversy
over brace treatment there is evidence that brace
treatment can alter the natural history of idiopathic
scoliosis [2, 5, 16, 20, 25, 28]. Nonetheless Negrini
et al. highlighted the lack of scientiﬁc evidence of
studies on the conservative management of scoliosis
by physical therapy, intensive rehabilitation and
brace treatment (a grade of evidence c or lower) [14,
21, 33]. Therefore Weiss et al. [31] appointed
guidelines for conservative management of scoliosis
with a prognostic risk estimation of Lonstein and
Carlson [15].
The age for detection of idiopathic scoliosis is
divided into three age groups: Infantile, juvenile, and
adolescent [29]. A literature search in Pubmed (NML)
yielded no articles about different ages for detection of
idiopathic scoliosis in monozygotic twins. Our mono-
zygotic twin pair suggests that there is a different age at
detection of their scoliosis.
Monozygotic twin studies are necessary to under-
stand why there are differences in curve patterns, age
of detection and curve severity of idiopathic scoliosis.
It still remains uncertain if epigenetic modiﬁcation is
the basis for these differences. It may be inﬂuenced
by environmental factors. We would like to empha-
size that environmental factors inﬂuence idiopathic
scoliosis which is a dynamic process and not a ﬁxed
deformity [24].
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